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SUMMARY

The assembly of human histone acetyltransferase MOZ/MORF complexes relies on the 

scaffolding bromodomain plant homeodomain (PHD) finger 1 (BRPF1) subunit. The PHD-zinc-

knuckle-PHD module of BRPF1 (BRPF1PZP) has been shown to associate with histone H3 tail and 

DNA, however the molecular mechanism underlying recognition of H3 and the relationship 

between the histone and DNA binding activities remain unclear. In this study, we report the crystal 

structure of BRPF1PZP bound to H3 tail and characterize the role of the bipartite interaction in the 

engagement of BRPF1PZP with nucleosome core particle (NCP). We find that although both 

interactions of BRPF1PZP with H3 tail and DNA are required for tight binding to NCP and for 

acetyltransferase function of the BRPF1-MORF-ING5-MEAF6 complex, binding to extra-

nucleosomal DNA dominates. Our findings suggest that functionally active BRPF1PZP might be 

important in stabilization of the MOZ/MORF complexes at chromatin with accessible DNA.
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eTOC Blurb

The BRPF1 subunit of human histone acetyltransferase MOZ/MORF complexes is essential for 

catalytic activity and assembly of these complexes at chromatin. Klein et al. describe the role of 

bipartite contacts of the PZP domain of BRPF1 with histone and DNA in the engagement with 

nucleosome and HAT activity of the MORF complex.
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INTRODUCTION

Bromodomain and PHD finger containing protein 1 (BRPF1) is a core subunit of the native 

monocytic leukemic zinc-finger (MOZ) and MOZ related factor (MORF) acetyltransferase 

complexes that acetylate histones, particularly lysine 23 of histone H3 (H3K23), and 

mediate transcriptional programs (Huang et al., 2016; Klein and Jang, 2019; Yang, 2015). 

Genetic studies identified BRPF1 as being essential in the development of brain, axial 

skeleton and the haematopoietic system, and a large number of mutations and truncations in 

human BRPF1 have been linked to intellectual disability, congenital abnormalities and 

leukemias (Demeulenaere et al., 2019; Hibiya et al., 2009; Laue et al., 2008; Mattioli et al., 

2017; Mishima et al., 2011; Pode-Shakked et al., 2019; Yan et al., 2017; You et al., 2015a; 

You et al., 2015b; You et al., 2016). In the complexes, BRPF1 functions as an adaptor 
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protein which interacts with all other subunits, including the catalytic MOZ/MORF subunit, 

inhibitor of growth 5 (ING5) and MYST/Esa1-associated factor 6 (MEAF6), and therefore is 

required for the tetrameric assembly, catalytic activity and substrate specificity of these 

complexes (Klein et al., 2014a; Yang, 2015).

BRPF1 is a large multimodular protein containing the MOZ/MORF-binding domain (I), a 

short motif implicated in the interaction with ING5 and MEAF6 (II) (Lalonde et al., 2013a; 

Ullah et al., 2008), and three histone-binding modules, also known as epigenetic readers 

characterized by different specificities toward posttranslational modifications in histone 

proteins (Fig. 1a). The BRPF1 bromodomain (BD) associates with various mono- and poly-

acetyllysine-containing sequences in histones H4 and H3 (H4/H3Kac), whereas the PWWP 

domain recognizes trimethylated K36 of histone H3 (H3K36me3) (Laue et al., 2008; 

Poplawski et al., 2013; Vezzoli et al.). The central region of BRPF1 harbors two PHD 

fingers closely linked through a single zinc knuckle, termed the PZP (PHD-zinc-knuckle-

PHD) domain (BRPF1PZP). Recent biochemical studies have shown that BRPF1PZP binds to 

unmodified histone H3 tail and is also capable of associating with DNA (Klein et al., 2016). 

The atomic-resolution structures of the BD and PWWP domains of BRPF1 in complex with 

their histone ligands provide information that is vital to our understanding of how BRPF1 

and the MOZ/MORF complexes localize to genomic regions enriched in H4/H3Kac and 

H3K36me3 (Laue et al., 2008; Poplawski et al., 2013; Vezzoli et al.). The structures have 

also been instrumental in the development of numerous small molecule inhibitors for BD of 

BRPF1, which emerged as one of the promising therapeutic targets in leukemias 

(Bamborough et al., 2016; Igoe et al., 2017; Zhu and Caflisch, 2016; Zhu et al., 2018), 

however the structural basis underlying recognition of H3 by BRPF1PZP and the relationship 

between its histone- and DNA-binding functions remain not well characterized.

Here, we report the molecular mechanism by which BRPF1PZP targets histone H3 tail and 

DNA and assess contributions of the two binding events to the association of BRPF1PZP 

with the nucleosome core particle (NCP). We find that while both interactions of BRPF1PZP 

with H3 tail and DNA are required for tight binding to NCP and for acetyltransferase 

function of the BRPF1-MORF-ING5-MEAF6 complex, the interaction with extra-

nucleosomal DNA predominates.

RESULTS AND DISCUSSION

To determine the molecular basis for the histone H3 recognition by BRPF1PZP, we generated 

a chimeric construct that contains residues 1–12 of H3 fused to residues 271–454 of BRPF1 

through a short GSGSS linker. The 1H,15N heteronuclear single quantum coherence (HSQC) 

spectrum of the uniformly 15N-labeled fused H3-PZP construct overlaid well with the 

spectrum of isolated BRPF1PZP collected in the presence of a five-fold excess of the H3 

(residues 1–12) peptide, confirming that the linked and unlinked complexes adopt similar 

structures in solution (Fig. S1). The fusion protein was crystallized, and the structure of the 

H3-bound BRPF1PZP was determined to a 2.2 Å resolution (Fig. 1b and Table 1). The 

structure shows a saddle-like globular fold comprised of five zinc-binding clusters. The 

Ala1-Thr3 fragment of H3 tail is bound in a shallow groove of the first PHD finger (PHD1) 

of BRPF1PZP. The N-terminal amino group of Ala1 of H3 is restrained by two hydrogen 
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bonds with the backbone carbonyl groups of P311 and G313 of the protein, whereas the 

methyl group of Ala1 fits in a hydrophobic cavity formed by L291, I310 and W315 (Fig. 1b, 

c). The guanidino moiety of Arg2 is constrained via two hydrogen bonds, one to the side 

chain carboxyl oxygen of D294 and another to the side chain amide oxygen of N297. The 

backbone amide nitrogen of F292 donates a hydrogen bond to the backbone carbonyl 

oxygen of Arg2, and the methyl group of Thr3 occupies the same hydrophobic cavity as the 

methyl group of Ala1 of H3.

Recent studies of AF10, a co-factor of the H3K79-specific methyltransferase DOT1L, show 

that the PZP domain of AF10 recognizes a middle part of the histone H3 tail, specifically 

residues Ala21-Lys27 of H3 (Chen et al., 2015). To test whether this binding is conserved in 

BRPF1, we carried out 1H,15N HSQC titration experiments using 15N-labeled BRPF1PZP. 

As expected, the H3 peptide (residues 1–12 of H3) induced large chemical shift 

perturbations (CSPs) in the BRPF1PZP spectrum, indicating binding, however no CSPs were 

observed upon titration of the H3 peptide (residues 15–34 of H3), implying that BRPF1PZP 

does not bind to the middle part of H3 (Fig. 1d). Furthermore, the long H3 peptide (residues 

1–31 of H3) caused CSPs in BRPF1PZP almost identical to CSPs caused by the short H3 

peptide (residues 1–12), supporting the finding that BRPF1PZP recognizes the far N-terminal 

but not middle region of H3 tail (Fig. S2).

In addition to recognizing H3, BRPF1PZP was also shown to bind DNA, however the 

relationship between these functions is not well understood. Electrostatic surface potential of 

the BRPF1PZP:H3 complex reveals that the positively charged residues of PZP involved in 

DNA binding, particularly K383, K390 and R392, are clustered in the second PHD finger 

(PHD2) and a zinc knuckle, whereas the negatively charged residues in the first PHD finger 

(PHD1) form the binding site for H3 (Fig. 2a). Such separation of the binding sites suggests 

that the two interactions are likely independent of each other. We generated NCP using a 207 

bp DNA (NCP207) in which 147 bp 601 Widom DNA is flanked by 30 bp linker DNA on 

either side and internally labeled with fluorescein 27 bp in from the 5’ end and tested 

binding of BRPF1PZP to NCP207 by electrophoretic mobility shift assay (EMSA) and 

fluorescence polarization. Both wild type (WT) BRPF1PZP and mutants impaired in either 

H3 binding or DNA binding, including D294K that lost its ability to interact with H3 peptide 

(Fig. 2b) and K383E/K390E/R392E (KKR) mutant incapable of binding to DNA (Klein et 

al., 2016), were assayed. NCP207 was incubated with increasing amounts of BRPF1PZP, and 

the reaction mixtures were resolved on a 5% native polyacrylamide gel (Fig. 2c). A gradual 

increase in amount of added WT BRPF1PZP resulted in a shift of the NCP207 band, 

indicative of formation of the BRPF1PZP:NCP207 complex, however this shift was delayed 

when BRPF1PZP D294K mutant was used, implying that interaction with H3 is essential for 

high affinity binding. In contrast, no stable complex with NCP207 was formed by BRPF1PZP 

KKR mutant, indicating that binding to DNA is required for the association with NCP207. 

These results were substantiated by measuring S1/2 in fluorescence anisotropy assays. 

Titration of WT BRPF1PZP against NCP207 yielded a S1/2 of 50 μM for the 

BRPF1PZP:NCP207 complex formation (Fig. 3a). Binding of the BRPF1PZP D294K mutant 

to NCP207 was two-fold weaker (S1/2 = 100 μM), and binding of the BRPF1PZP KKR 

mutant was undetectable (Fig. 3b, c). The association of WT BRPF1PZP with the 

nucleosome containing a 147 bp 601 Widom DNA sequence (NCP147) was also 
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undetectable, confirming that BRPF1PZP prefers extra-nucleosomal DNA (Fig. 3d, e). This 

preference for the linker DNA might have a significant implication and suggests that 

functional BRPF1PZP could stabilize the MORF complexes at chromatin regions with 

accessible DNA, such as euchromatin.

To assess contribution of binding to H3 and DNA by BRPF1PZP to catalytic function of the 

MORF complex, we produced the MORF complexes by co-transfecting full length HA-

BRPF1 with FLAG-MORFN1–716, FLAG-ING5 and FLAG-MEAF6 in 293T cells and 

purified the complexes by immunoprecipitation. The HAT activity of the MORF complexes, 

containing HA-BRPF1, WT or D294A and BRPF1PZPΔ359–450 (aa 359–450, including 

K383, K390 and R392 of BRPF1 are deleted) mutants, were measured on human free 

histones and short oligonucleosomes. The MORF complex containing WT BRPF1 subunit 

showed a strong HAT activity (Figs. 3f and S3). This activity was decreased three-fold for 

the BRPF1 D294A mutant defective in H3 binding and five-fold for the BRPF1PZPΔ359–450 

mutant defective in DNA binding. Together, these data support the notion that concurrent 

binding of BRPF1PZP to H3 and DNA is required for proper enzymatic activity of the 

BRPF1-MORF complex with the latter contributing to a greater degree (Fig. 3e).

BRPF1PZP has expanded a subset of epigenetic readers capable of binding histones and 

DNA. The dual engagement increases affinity of these readers in the context of chromatin 

owing to the avidity effect, but relative contribution of the contacts with histones and DNA 

vary among the readers. For example, interaction of the PWWP domain of LEDGF/PSIP1 

with DNA enhances a markedly weak (mM-range) binding of this reader to histone 

H3K36me3 four orders of magnitude (Eidahl et al., 2013; van Nuland et al., 2013), whereas 

a relatively weak DNA binding of Tudor, YEATS and bromodomain augments association 

with NCPs by a few fold (Gibson et al., 2017; Miller et al., 2016; Musselman et al., 2013). 

In this study, we show that engagement of BRPF1PZP with histone H3 tail and DNA, 

especially extra-nucleosomal DNA, is required for tight binding to and acetylation of NCP, 

with the DNA binding activity being more essential. These in vitro data are in agreement 

with previously reported findings that while the HAT activity of the MOZ complex requires 

both BRPF1PZP functions, the DNA binding rather than histone binding is critical for the 

association of the complex with chromatin in vivo (Klein et al., 2016; Lalonde et al., 2013b). 

The lesser degree contribution of histone binding could be due to a competitive interaction 

of the histone tail with DNA and therefore the tail inaccessibility. The intra-nucleosomal 

histone H3 tail-DNA contacts have been shown to reduce the accessibility of unmodified H3 

tails compared to free H3 peptides by up to a factor of ~10 in physiologically relevant 

conditions (Gatchalian et al., 2017), but strength of these contacts can be modulated by 

posttranslational modifications (PTMs) in histones (Tencer et al., 2017). It will be interesting 

in future studies to explore the effect of PTMs, particularly acetylation of distal lysine 

residues in H3 tail, on bipartite association of BRPF1PZP with NCPs.

STAR METHODS

LEAD CONTACT AND MATERIALS AVAILABILITY

Lead Contact, Tatiana Kutateladze (tatiana.kutateladze@cuanschutz.edu).
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All reagents generated in this study will be made available on request, but we may require a 

payment and/or a completed Materials Transfer Agreement if there is potential for 

commercial application.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

The PZP domain of BRPF1 and the linked H3-PZP construct were expressed in Rosetta-2 

(DE3) pLysS grown in minimal media. Expression was induced with 0.5~1 mM IPTG at 

A600=0.6–0.8 for 18 h at 16°C.

METHOD DETAILS

QUANTIFICATION AND STATISTICAL ANALYSIS—Statistics generated from X-ray 

crystallography data processing, refinement, and structure validation are displayed in Table 

1.

DATA AND SOFTWARE AVAILABILITY

Software: Software used in this this study has been previously published as detailed in the 

Key Resources Table.

Data Resources: Coordinates and structure factors have been deposited in the Protein Data 

Bank under ID code 6U04.

MATERIALS AND METHODS

DNA Cloning and Protein Purification

The PZP domain of BRPF1 (aa 271–454) was cloned into a pDEST15 vector with the N-

terminal GST tag and TEV cleavage site. The mutant BRPF1PZP (D294K and K383E/

K390E/R392E) constructs were generated using the Stratagene QuickChange XL Site 

Directed Mutagenesis kit. The sequences were confirmed by DNA sequencing. All proteins 

were expressed in Escherichia coli Rosetta-2 (DE3) pLysS cells grown in minimal media 

supplemented with 15NH4Cl (Sigma) or NH4Cl (for unlabeled proteins) and 75 M ZnCl2. 

Protein production was induced with 0.5 – 1.0 mM IPTG for 18 h at 16°C. B acteria were 

harvested by centrifugation and lysed by sonication in buffer (50 mM Tris-HCl pH 7.5, 500 

mM NaCl, 0.05% (v/v) Nonident P 40, 5 mM dithiothreitol (DTT), 50 M ZnCl2, 5 mM 

MgCl2, and DNase). GST-fusion proteins were purified on glutathione agarose 4B beads 

(Thermo Fisher Sci) and the GST-tag was cleaved with tobacco etch virus (TEV) protease. 

Proteins were further purified by size exclusion chromatography (SEC) and concentrated in 

Millipore concentrators (Millipore).

X-Ray Crystallography

For structural studies the H3-GSGSS-BRPF1PZP construct (aa 1–12 of histone H3, a GSGSS 

linker, and aa 271–454 of BRPF1) was cloned into a pDEST15 vector with the N-terminal 

GST tag and TEV cleavage site. The linked protein was produced as above. Following 

cleavage with TEV protease and further purification by SEC, the linked H3-PZP protein was 

concentrated to ~ 6 mg/mL in buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 5 mM DTT) 

for crystallization. Crystals were grown using sitting-drop diffusion method at 18°C by 
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mixing 600 nL of protein with 600 nL of well solution composed of 0.2 M Lithium sulfate, 

0.1 M Tris-HCl pH 8.5, 40% (v/v) PEG400, and 0.01M Praseodymium(III) acetate hydrate. 

Crystals were cryoprotected with 30% (v/v) glycerol. X-ray diffraction data were collected 

from a single crystal on the Anschutz Medical Campus X-ray crystallography core facility 

Rigaku Micromax 007 high-frequency microfocus X-ray generator equipped with a Pilatus 

200K 2D area detector. Indexing and scaling were completed using HKL3000 (Minor et al., 

2006). The phase solution was solved with Phenix.phaser (Adams et al., 2010) using 

molecular replacement and the BRPF1 PZP (PDB ID: 5ERC) structure as the model. Model 

building was carried out with Coot (Emsley et al., 2010), and refinement was performed 

with Phenix.refine. The final structure was validated with MolProbity (Chen et al., 2010). 

Crystallographic statistics for the H3-bound BRPF1PZP structure are shown in Table 1.

NMR experiments

Nuclear magnetic resonance (NMR) experiments were performed at 298 K on a Varian 

INOVA 600 MHz spectrometer equipped with a cryogenic probe. The 1H,15N HSQC spectra 

of 0.1–0.2 mM uniformly 15N-labeled WT or mutant BRPF1PZP in 50 mM Tris-HCl pH 7.5 

buffer, supplemented with 150 mM NaCl, 5 mM dithiothreitol (DTT), and 8% D2O were 

collected in the presence of increasing amount of H3 (aa 1–12, 15–34, or 1–31) peptides 

(synthesized by Synpeptide). NMR data were processed and analyzed with NMRPipe and 

NMRDraw as previously described (Klein et al., 2014b).

Nucleosome assembly

Human H2A, H2B, H3.2, and H4 histone proteins were expressed in Escherichia coli BL21 

(DE3) pLysS cells, separated from inclusion bodies and purified using size exclusion and ion 

exchange chromatography, as described previously (Dyer et al., 2004). Histones were then 

mixed together in 7 M guanidine HCL, 20 mM Tris-HCl pH 7.5, and 10 mM dithiothreitol in 

appropriate molar ratios and refolded into octamer by slow dialysis into 2 M NaCl, 20 mM 

Tris-HCl pH 7.5, 1 mM ethylenediaminetetraacetic acid (EDTA) pH 8.0, and 2 mM β-

mercaptoethanol. The octamer was purified from tetramer and dimer by SEC. Octamer was 

then mixed with 75% excess of DNA in 2 M NaCl, 5 mM Tris pH 8.0 and 0.5 mM EDTA, 

and NCPs were reconstituted from octamer plus DNA by slow desalting dialysis into 5 mM 

Tris pH 8.0 and 0.5 mM EDTA. Finally, the NCPs were separated from free DNA via 

sucrose gradient purification. DNAs used for the NCP assembly were 147 bp 601 Widom 

DNA fluorescein-labeled on the 5’ end (for NCP147), and 207 bp DNA (147 bp 601 DNA 

flanked with 30 bp linker DNA on either side and internally labeled with fluorescein 27 bp 

in from the 5’ end) (for NCP207).

Fluorescence polarization

Fluorescence polarization measurements were carried out by mixing increasing amounts of 

BRPF1PZP, WT or mutants, with 5 nM NCP207 or NCP147 in 75 mM NaCl, 25 mM Tris-

HCl pH 7.5, 0.00625% Tween20, and 5 mM dithiothreitol in a 30 μL reaction volume. The 

samples were loaded into a Corning round bottom polystyrene plate and allowed to incubate 

at 4°C for 30 min. The polarization measurements were acquired with a Tecan infinite 

M1000Pro plate reader by exciting at 470 nm and measuring polarized emission at 519 nm 

with 5 nm excitation and emission bandwidths. The fluorescence polarization was calculated 
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from the emission polarized parallel and perpendicular to the polarized excitation light as 

described previously (Tencer et al., 2017). The data were then fit to a non-cooperative 

binding isotherm to determine S1/2. The S1/2 values were averaged over three separate 

experiments with error calculated as the standard deviation between the runs.

Electrophoretic Mobility Shift Assay

EMSAs were performed by mixing increasing amounts of BRPF1PZP, WT or mutants, with 

5 nM NCP207 in 75 mM NaCl, 25 mM Tris-HCl pH 7.5 buffer, supplemented with 

0.00625% Tween20, 10% glycerol and 5 mM dithiothreitol in a 12 μL reaction volume. 

Each sample was incubated at 4°C for 15 min and then loaded onto a 5% native pol 

yacrylamide gel. Electrophoresis was performed in 0.3x Tris-borate-EDTA (TBE) at 300 V 

for 90 min. Fluorescein fluorescence images were acquired with a Typhoon Phosphor 

Imager.

Purification of wt and mutant BRPF1-MORF-ING5-MEAF6 complexes and HAT assays

Plasmids of full length WT HA-BRPF1, HA-BRPF1 D294A mutant or HA-

BRPF1PZPΔ359–450 mutant, together with FLAG-MORFN1–716, FLAG-ING5 and FLAG-

MEAF6 (Klein et al., 2016) were used to transfect 293T cells by the calcium phosphate 

method. Cells were harvested 70 h post-cotransfection and nuclear extracts were prepared as 

previously described (Doyon and Cote, 2016). Purification of HA-BRPF1 complexes after 

co-transfection was performed essentially as previously described (Avvakumov et al., 2012; 

Lalonde et al., 2013b). Briefly, anti-HA immunoprecipitation/elution using anti-HA agarose 

beads (Roche ref:118 150 16001) and 3xHA peptides was followed by anti-Flag 

immunoprecipitation/elution using FLAG M2 agarose beads (Sigma) and 3xFLAG peptides.

Acetyltransferase activity of the purified complexes was measured with 0.125 Ci of 3H 

labeled Ac-CoA (2.1 Ci/mmol; PerkinElmer Life Sciences). The HAT reactions were 

performed in a volume of 15 l using 0.5 g of free histones and short oligonucleosomes 

(purified from HeLa cells) as substrates, in HAT buffer (50 mM Tris-HCl pH 8, 50 mM KCl, 

10 mM sodium butyrate, 5% glycerol, 0.1 mM EDTA, 1 mM dithiothreitol for 30 minutes at 

30°C. The reactions were then captured on P81 filter paper, the free 3H-labeled Ac-CoA was 

washed away, and the paper was analyzed using Liquid Scintillation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGLIGHTS

Tight association of BRPF1PZP with nucleosome requires binding to H3 tail and DNA

Interaction of BRPF1PZP with DNA contributes to a higher degree

BRPF1PZP shows preference for extra-nucleosomal DNA
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Figure 1. BRPF1PZP recognizes the N-terminal part of H3 tail.
(a) BRPF1 domain architecture. (b) The crystal structure of the H3-bound BRPF1PZP is 

depicted in a ribbon diagram with PHD1, Zn-kn and PHD2 colored blue, wheat, and green, 

respectively. The Ala1-Thr3 fragment of the H3 tail is shown as yellow sticks, and the zinc 

ions are grey spheres. (c) Close up view of the H3 binding pocket. Hydrogen bonds between 

residues of H3 tail and PHD1 indicated by yellow dash lines. (d) Superimposed 1H,15N 

HSQC spectra of BRPF1PZP collected in the presence of increasing amounts of H3 peptide 

(residues 1–12 on the left, and residues 15–34 on the right). The spectra are color-coded 

according to the protein-peptide ratio (inset). See also Figures S1 and S2.
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Figure 2. BRPF1PZP binds to nucleosomes in a bivalent manner.
(a) Electrostatic surface potential of BRPF1PZP in the complex with blue and red colors 

representing positive and negative charges, respectively. The H3 tail is shown in yellow 

sticks. (b) Superimposed 1H,15N HSQC spectra of BRPF1PZP D294K mutant recorded in the 

presence of increasing amount of H3 peptide (residues 1–12). The spectra are color-coded 

according to the protein-peptide ratio (inset). (c) EMSA with NCP207 incubated with 

increasing amounts of the indicated BRPF1PZP proteins. Amount of each protein mixed with 

5 nM NCP207 is shown below each gel image.
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Figure 3. Binding of BRPF1PZP to DNA predominates.
(a-d) Binding curves obtained for the interactions of indicated BRPF1PZP proteins with 

NCP207 (a-c) or NCP147 (d) in fluorescence polarization assays. Error bars are SD based on 

three separate experiments. (e) A model of the bivalent interaction of BRPF1PZP with 

histone H3 of the nucleosome and extra-nucleosomal DNA. (f) Ratio of HAT activities of 

the WT and mutant BRPF1-MORF-ING5-MEAF6 complexes on nucleosomes versus free 

histones. HA-BRPF1, wild type (WT) or mutants (D294A and BRPF1PZPΔ359–450), 

FLAG-MORFN1–716 (aa 1–716 of MORF, containing the catalytic MYST domain), FLAG-

ING5 and FLAG-MEAF6 were used to transfect 293T cells. Error bars indicate the range 

from duplicate samples. Background counts obtained with fractions from mock transfections 

were subtracted (~150 cpms). See also Figure S3.
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Table 1.

Data collection and refinement statics for the H3-BRPF1PZP complex.

H3-linked BRPF1 PZP

Data collection

Space group P 61 2 2

Cell dimensions

 a, b, c (Å) 72.5, 72.5, 155.3

 α, β, γ (°) 90, 90, 120

Resolution (Å) 2.20(2.28–2.20) *

Rpim 0.032(0.177)

I / σI 25.3(4.4)

Completeness (%) 99.5(100)

Redundancy 20.8(20.7)

Refinement

Resolution (Å) 22.7–2.2

No. reflections 12773

Rwork / Rfree 0.1720/0.2085

No. atoms 1432

 BRPF1 PZP 1295

 H3 23

 Zn 5

 PR 1

 Water 108

B-factors 38.00

 BRPF1 PZP 36.97

 H3 80.90

 Zn 29.42

 PR 64.51

 Water 41.45

R.m.s. deviations

 Bond lengths (Å) 0.007

 Bond angles (°) 0.978

Ramachandran Plot

 Favored (%) 98.12

 Allowed (%) 1.88

 Outliers (%) 0

*
Values in parentheses are for highest-resolution shell.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Bacterial and Virus Strains

Escherichia coli Rosetta-2 (DE3) pLysS Novagen-Thermo Fisher Sci 71-401-3

Escherichia coli BL21 DE3 pLysS Promega L1195

Chemicals, Peptides, and Recombinant Proteins

Dithiothreitol Gold Biotechnology 27565-41-9

15NH4Cl Sigma-Aldrich 299251

IPTG Gold biotechnology I2481C100

Glutatahione Sepharose 4B beads Thermo Fisher Sci 16101

H3 peptides (1–12aa, 15–34aa, and 1–31aa) Synpeptide N/A

Tobacco etch virus (TEV) protease van den Berg et al., 2006 N/A

Deposited Data

Protein Data Bank This study PDB ID 6U04

Protein Data Bank Klein et al., 2016 PDB ID 5ERC

Oligonucleotides

Primer: D294K Forward: aatgtcatcctcttctgtaagatgtgcaacctggccgtg This study - IDT N/A

Primer: D294K Reverse: cacggccaggttgcacatcttacagaagaggatgacatt This study - IDT N/A

Primer: KKR Forward: caccagctcgctgggaactcacctgctac This study - IDT N/A

Primer: KKR Forward: acctgctacatttgcgaacaagagggctcaggggcctgcatccagtgc This study - IDT N/A

Primer: KKR Reverse: gtagcaggtgagttcccagcgagctggtg This study - IDT N/A

Primer: KKR Reverse: gcactggatgcaggcccctgagccctcttgttcgcaaatgtagcaggt This study - IDT N/A

Recombinant DNA

Plasmid: pDEST15 Thermo Fisher Sci 1180214

Software and Algorithms

HKL3000 Minor et al., 2006

Phenix Adams et al., 2010 N/A

Coot Emsley et al., 2010 N/A

MOLProbity Chen et al., 2010 N/A
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